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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a calibration 
method in which a distance according to the direction of 
the beam of light of each element can be measured 
precisely in a distance image sensor which uses a time- 
of-flight measuring principle and which comprises a 
plurality of two-dimensionally arranged elements. 
SOLUTION: The calibration method for the distance 
image sensor which comprises a light receiving part 
containing the plurality of two-dimensionally arranged 
elements and which uses the time-ofHIight measuring 
principle is provided with a step which finds a beam-of- 
light parameter prescribing the direction of the beam of 
light incident on each element and a step which finds a 
distance parameter up to an object according to the 
output signal of each element 
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(i, j) rt-e(5D:n:(>D::fc§^A5(^{S— ^ 
[0 0 7 5] ^^T*0Sft0^T^«x ^^^yXlx-v' 

ttzv=zm*€>^^[SS:S;^bfc^b5^ c:ne>^*-K* 
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[007 6] [^2 (Dms&(Djr^m m i (Dmmmx- 

^'f hJl^— K*»?)J5R»?S:"^o dcdp-v 'J:^u— i'3>'J^ 

-K22tt, X;^7^-i>23. YX7=^-i'24, Z;^^ 



12 2 
12 2 

y # y^ y 4 



• / y 



XK = • , a 

[0 0 7 8] cDm^'&fc^<^{4Si-^16t"^Ci:i)SpItfe 



3. Y;^7"-S^2 4. Z>^5"-f^2 5tt. ZJ>t:3.-4^ 
3 cfc ?} ^JEiK^ rr > h D -Ml* 2 6 %*Jjfl31- S d 

(x,, y,, z,) l::T**S<t^^c:^i:oTV^^o 
t>%. X, y, z:>^[aiT% 
[0 0 7 7] 
[iSl 8] 



(1 6) 

[0 0 8 0] >^5=^^;/r3-4T{i. 1/ >S^-fe >1^- 1 7b^e> 
T-$>:g)o y^5^>;/:r3-4T-tt. f ijkT*«^^nS2iR 

3, z.) hx^xmmctho 

[0 0 8 1] 
[iSl 9] 



[0 0 8 2] T-¥t9^b*r^-i:^<t?)> •r«ct)t>*^«^ 
[0083] X5^^;/>^3-5, 3-6T-tt> -^tv^ttX 



;^7^>3/r3-2fe^v^^i;^^>:/:7'3- l-^^fr-r^o ^ 
d7?2&v^«'&t3i±i>:;^^^yr3 -7^i:ilt?o 

[0084] 

[85t2 0] 
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U T ^ K(llltiili::#5* ;v ^ -y - « f^fl^T « *5 it T ft « o 



[0 0 8 5] ^^T*i±> ^ffl±tI7^C0^V^fc^-\' U y^l/ 

t:: V ^ 6 V ^ 5 >^ ^ U -31 — 3 > ^ X. ^ 3 i: "t? # S o 
HI Stt^CD l^JSa^UTV^i)o Ell 5(DJ:-5t3. 

«]:^gi5«4 U :7 T 1/ >;<a5« 2 6 i: bT%x. €> c i: A^T- 
§:g)o C<5D0iJT*{i^ ¥fflE±tc:411©3^fl5¥fflA, 
B, C, DSrBESU Ctie>¥Htt 1 iST-iSto^ 

[0 0 8 6] Z<D')yrU>7.SX^it2e^. ^\^)y^\y 
-^>3>d^-K2 2<Z)«;to!3tr^"JfflU Y.^l.y^'r-V 
¥SA, B, C, D(Z)55;^{4®hUT 

*^?>fflm-ri>o -7? (X3, y,, zj tt. XYZ;^ 

[0 0 8 7] w±ijiB^bT§fcj:a{^> m2(Dmmm^m 

[0 0 8 8] [»3(Z)^SE(Z)ff^?J] V^t*T•c^)^l^^t^* 
|g2cDllJEJ15SiT-(±> l/>S^'fe>1tl(D^-vU::/l/— i> 

-fe > it 1 A^fl-SiJ t- ^ii^<Z)CCD/CMO 

[0 0 8 9] UT> z.(D:^mz-D\^^xmm-t^o mi e 



[ 0 0 9 0 ] EI 1 7 tt^ ^^JKSScC^^aa:^ D-S^f 

[0 0 9 1] X7^^y:r4- lT*{i. ^^iCDJStlS:^ > b 
D-;i/^>5'f -J ^ 7.)^y I'^WRih't 

tt. f i3k«:2iJ:K;E?'JhUT8?WU. >'^^->^am 

tfi:#iffitBl^i-*5lt^3^^ffi® (x,k, y,k, z,k) ^ 
2iR5^{SS (u,k, v,k) i:J:t)lc:SS-r^o 
[0 0 9 2] X7^^;/:/4-6T'tt. 

,k) t-t^o -^5 :i(Dmm^ titz'Aiznjit^t ^^^"S^-y 
(Dn^mm^^itzjf^if^s^kTbiiLm (x,k, y^, z^) 
2i>:^ffia (u,k, v,k) fch*)t3^^-rSo 

[0 0 9 3] ;^7=-^;^>^4-7T-(i. kc7)fii5: l^i^^-c 

<&(tn«x ^7^^;/>^4-2^fi^1-^o ;^§ttix«. 
7.y^^yy4-9^1f^fTir^o ^^t' :/4 - 9 "Ctt^ 
iyy^4- 5T-^^^nit3^^xi{4B (X3k, yjk, 
z,k) i:2^J^Ki{4S (u,k, v.k) 4*tJfllUt^ 
[0094] 

m2 1] 
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*) R. TtWWI-*, 



[0 0 9 5] $ ?)t:>^7^'yr4- 1 OT•{i^ ;^7^':^y^4 
- 6 T-gja^ ^ :^ Ji^ffl * 5 ® 3 JJjTciaS 
(x,k, y,k, z^) i:2*7ctSe (u.k, v^) S#iJ 

[00 9 6] WT, u X AT- J: "3 nmttmmti^ 

a. _ ■ - '0 



-6, X7^>;/7"4- 1 0{COV^-CSiW^So 
[0097] sr*p<^df-^ij:ru— s^3>T?<i>Si:)Ec 

3*7cte® (x, , y, . z,) As*p«^iii^F'3©(4e 

(s, t) t:^j5E;-ri)i;(S^-rsi:, 

[0 0 9 8] 
[i!&2 2] 



P. 



g - Cq 



(1 8) 



(1 9) 



€ m 



[0 0 9 9] ©M^ASJEK?) SlOo 

[0 1 0 0] dClclR' (0., 0, , 0.) = 

(Ti/ ) i:t' = (t/ , t/ . t/ ) tt, 

■ents^ffitim ^ 7^ ^ X 5=- ^iii^ffl * ^ 7 

to (0.. 0,, 0.) tiR' rt®Yaw-Pitch-RolI#l 

[0 1 0 1] ^^^^^'J::^!^— 5^3>Ttt, g= (/? 



to, a 



, , b,, bj , bj , 



bj 4*;^7|*lgP>'^7^-^s h= (0., 0,, 0 
[0 10 2] v^*tS|^0ii^m■C#^e)i^fe3J^7c;Saf 



(x,i, y,i, z,i) SiB^^S (si , ti) 

(i=l. 2. •". N) As#i?>nfci:#. z^^^-^J' 
g= (/3,, s„, to, a,, bi, bj, b 
3, b,) th= (0., 0,, 0,, t.' , t/ . 

[0l0 3]-:&> cn^cD/t^^-^j'AsSctB^ni) 
i:. t«:l^;^ti^®3*7c;^ (x, , y,, z,) <p?>7^ 
^X^^*i»ia*^^iffi^S»t?®Mli5^^ (s, t) 

(1) ^-r 

[0 10 4] 
[»2 3] 



(13) 
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(20) 

(2) »u^T 

i » i ■!■ (bi + b3)8' + b4ae + i>i£' + aiaca* + £') 

(2 I) 

€ o € ♦ baft* + b^&i + <ba + b4>£^ + aitia^ + t^) 

sjdfcr («,£) «=.a- h>a»»i»«f— ^JUcfUfflUT. waa 

(3) 

Msfl^-t-aa '"Pt+^O (22) 



[0 10 5] ^x. 7.'r^y:^4-6Xit. 

T-g5o V^Ss Cl®2iJt7c)S^fii* (sjk, t^) i:-r 



[0 10 6] ;^7^^y7*4- 1 0-t-{±> X5^>yr4 

-ex-mm^titz (s^, t^o tMts-rs (x#, y 

^S= (/?«. v^t. So, t,, a,, b,. bj, 
bj, b,) fc*^7^g|5^^^^-^h= (*.. 

t/ . t/ , t/ ) *^ffi1-2,o 

[0 10 7] 

[I!jc2 4] 



(14) 
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«11 ^2 1^13 

»ai «i2 ^3 

«31 »32 »33 
^000 

trM«(tx# tyr t:s)Rot:(^ Ys>^^(y' Vy>Rot:(x, 

1 a 0 tC 



O 1 0 ty 

0 0 1 t's 
0 0 0 1 



COS - oin 0 O' 

0 0 10 

0 0 0 1 



cosyy 0 slnVy 0 

0 10 0 

- sinlfTy 0 oosVy ^ 

0 0 0 1 



10 0 0 

0 COB Yx *~ "^'^ Vx ^ 

0 0in Vx 0 

0 0 0 1 



(23) 



[0 10 8] 



i<(tT$IJ rRw 



[|»2 5] 



^1 

<ai 

>=3i 

0 



«ia 

«^2 
0 



>=13 
"^3 

«33 
0 



= fcrMB(«x' t^litotCVr ta>^«^<3rr fy>ROt(K. fx) 



0 0 

1 0 
0 1 

0 o 
♦y 



tx 

1 



'cob f z — Bin 02 0 o' 

Bin fs 4>B ^0 

0 0 10 

0 0 0 1 



— Bin f y 
0 



0 sin f y 

1 0 

0 COB f y 

0 0 



0 0 
COB fx " 
Bin fx COB fx 



[0 1 0 9] T-#^?>tl^o J;oT> l/>>^-fe>1t 1*^ 
[0 111] ^J:oT^tB-r^3^>bST-ti>o ^(DBM 



[0 110] 
[l»2 6] 
,-1 

[0 112] 
[iS2 7] 



o 
0 
0 

1 

(2 4) 



(2 5) 



xc 




^R ' 






YC 


= C^R 


yR 




vr 




■r 


zc 


«R 




1 




1 







[0 113] tt^o ^--C^ R" tT" (i. 
> -y-ffilS IS ^> 7^ iJ' X ^ ^ * ^ ^ »^ ® jSiS 



(2 6) 



[0 114] WTr-tt> ^:db-C»tB$ixfe>'^^;^— i' 
e> if © <t ^ i:: 7^ ^ X ^ > la^ ii^fiffiiiif^ t S 



(15) 
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[0 115] t-rmi 8*#R^b'&A^?j|5iB^t-5o 
l/>i^-b>-t»- 1 l*l®-b>1t^^2 8 (i, j ) T- 



[0 116] 
C8it2 8] 

















V bk 











i ~ up 



Ov 



»R 



[0117]CJ;ti. V>i^-b>^m^^i^i5\f^3^ 

7cH-i9iiS (X,, y,. z,) s»m^?.o cne-i--^ 

t:03iJjx;fhS!ljS2 9* (x^, y^, z^) hfSo 
;rc:T-a=i, 2, — , Nhl-So cixe)®)^tt> ^> 
>-y-iffi«i^ ?> 7^ <^ ^ * ^ ^ J^*^^-^*^ 



♦ T 



[0 119] filV^•r^ 5r<^x^^*i»flS*'^:7®^t:3jfi 

a,, b.. b,, b,, b,) (20) (2 
1) (2 2) tmm\>-C. (Xc., yc«, zc) i^*!""^ 

a:!!j;<7iii{ilWcDMtSiS3 0 (ss, t.) <&»til-r 
So ciobT^ *p<^iiiftf*aT-ffl^i!te<]'&iii(tti-SiJi^i: 
SiJIEi^«>«a { (s., t.) , (xc., yc.. zpi) } 

n, Xc + n, yc + Zj = d 
i:f So CCD¥ffl7r3 2 i:> ::«j^^iS^;S (k, m) ifi 
i^^9tmt(D^}^3 3^iiKX. (k, m) i:iMir^mm 



(27) 



■?^-v*S»ffl*;^^ffi^^®^ (xc*. yc*. zji) 

[0 118] 
[S»2 9] 



(2 8) 



[0 12 0] Rf*e*jC{±, ^(O^oi3i^mi^^^o Ell 

^iiiSlt (k, m) t:-^v^T^ afif5l®{B»W«^^3ia 
(Sb, tb) 3 4 (b=l, 2, 3) ?:^mu -ecD 
(xcb, ycb, zcb) 3 l^^j^-rSo ccDi: 
^ne.SiJSiS*M^S¥H*7r3 2 ii-rs. V^^c:® 



(2 9) 



[0 12 1] 
[»3 0] 



(16) 
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i « !LIL!!o £ „ "'"^o (30) 
9s Pt 

iE«^b«n/c^>7iB{ftS48tt3 4 (&t) tr^-niUU. M 
(1 9) iC*i;»[Uir<5o C(^i:Ss <Btt)ta**ia«:*Ti«ttJb 

yc « £ Sc (31) 

di d£ 

xe = — = # arc ■ - , ="t • 



*c — ~ — 

[0 12 2] T-^«>€):ii:*^-e§i)o ■r'Ect>t>> 7^^^ 
(xc, Yc zc) ^ftin-rs-i:*^T'§S®-t% 7^ 

[0 12 3] W±^B^bT§fc<t^tc, ^3^Mff$«(3 

So 

[0 12 4] 

[^B^ia^m] if*«ii'ia«®^B^cj:nis> 

[0 12 5] Sfes ||3SJa2tf3«®^B^tCin«. If 

cncio-c^^^^<**^smi-s«^ti®3iJ: 



(3 2) 



[0 12 6] ^fe. is*«3lcla^8®^^^::i^^«^ iS 

2 {cg3«®^BS®?8i^i-AD^'c. ai&ta^^^s C 

Jf-^' 'J:7i/~2^3>l-fieffl-r^>'^7^— ^© 

[0 12 7] a«*:«4lc:f3«®|gB^t^ctn«. if 
*^3{3t3«8®^B^®^l^l-iiDx.-r> U i/3 

[0 12 8] ^fz. lf^Jl5lc33ffiCD^B^l::in«> tt 

[0 12 9] ffa?«6Cf3m®^^lC<tn«> If 

^JS 1 {ci3«ii®^a^®3»Si-Jo^T. T^i'X^^iBfii* 

@21!b^ dr-^ 'J 5^3 >>''^^ — >*|Bl^C^.iS5t"2> 

t), w>i;-fe>-9-*5^*!£bfe^«iB^i:7^^;<^-vH^ 

[0 13 0] lf*]S7lit3«cD^B>Sf::iix«. If 
^« 2 {cf3«®^B^«>^l^i^SD^"^^ 3 iJt^J&tfc'&aJW 
S:3i*:7c0^t:i^ilJl-S-i:K:J;?). Jte^t^;*^-^' i:^ 

[ia®©ffim^Uia^] 

[lai] **B^®»l*SiUi5^{cMi3S^>i^-b>it 1 
[02] -b>-y-^?Tl/'f 7®«3g%Sc^WC^>bfel2I 
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[0 3] ui^i^-^yv-it^ticDXoi^^xmmmiMi^^ 
tia4 3 sij^;&?y (f., zj.) \zn't^)\^^^i^T^:^y 

[0 5] ^v'J:/v-s/3>*rffi*»i*{bf 

[136] ^jS/^^^-iJ^i:^^^J^I>'^^^-^*»tJai" 

[09] X7^^;/X2T-fe^EgSl^^^p^-^<^»tBi^>'^'^-i^ 
[010] ;:^5^^yX2 0Dr;Ud^UXACDP^*S^f 7P 

[011] (fij., z^) (D^-^)\y^7rs'rmx^ 

[012] ^^^}:/\yi^Byi?^—Y}^(D^^i^ — >(Oi^ 

^-^hmm^ z cD{4smsbT^{b^'^fc«^*a^N-r0 

[mis] **0^c7D^ 2 CD^JKSiSr^S-r ^^B«^ 

[014] ^2||^Sff^^<:oT;l/druXA^^);^7^^yX*^^ 

[01 5] ^-V i^3>:^— K<^>f^*:>t>t-x 3iJ: 

fc«)CD0T*fe^o 

[01] 



[016] *^0^©ll3^JEff5S8(D«^!£Sr^t0T*fe 

So 

[017] IS3||JSyj5SSCDiQa:7P— ^^n1-7D— J'-v 
[01 8] ^m^tvfc-^^^;^-^*^?>^^^^-^W*i^ 

^atisf^ i: CD <t a \zm^t ^t^^mn-rh tzi^<Dm 
[01 9] a[ai^nfeM*'^.^-^:^)^?>^^^^^w^^ 

[^^c?)Bi0^] 

1 i/>f:^'fe>lt 

2 

3 3>t:a.— 

5 /vu:^*®^— b 
7 -fev-y-^^rv^ 

9 M-^^aiiJX-^y h 

I 0 xihti^yi^y:^-:^ 

I I x>^m^ 
1 2 >'^;i/;^3te 

1 3 jvv:^.^ 
1 4 y Vl/X^ 
1 5 >'i;i/X3fe 
1 6 Xlhiim^ 
1 7 AtB;bm-^ 

[02] 



^5 '^^l'^* 
"^7 



{IMS 



^9 



6 







1 2] 



#*y7^— >a>#-K 



a o o e « 

o«o*o 



4 



o o o o o 

OoO*»0 
d o o o e 
o oQo e 



o o O o 


o 


o o o o 


o 


O «*Oo 


o 


O 0 o o 


o 


o oQo 


o 
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[1114] 




[125] 





[me] 



X 



1 u>s;is>-9- 

5 /tjwixatii 




[129] 




[mi 0] 



1 u>'j^>iy 





3 3>ea-^ 



S 




No 



T 
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[1217] 



[1218] 



34 


33 


32 


n 

31 


o 
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o 
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o 

28 


D 
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O 

47 


o 
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O 

42 


o 

43 
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44 


O 

AS 


O 

46 



[Ell] 



E 



;^Ty::^i-6 



I 




No 













<uak.vaMak,yak,xak)%flilB l/T. 






C »T ) 









1 






2 












m 




t 










1 





1 u>s;-fe>* 





3 3>fc^a-> 
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[HI 4] 



sr 



sr 



X ? V >^-4 



I 



4»4>flit(ua,va)fc-r*o ^1 nlIJ^^l5r«/'f^'->**^*C 



sr 




sr 



[016] 



1 P>S?-b>* 

5 /t;u^^yt3i 




1 5] 



26 •i77U>:3(94:f 









^^^d]> 












IB612 




lESfB 

1 



[Ell 7] 



* 



SJ 



Sr 



S1K!aEyaJaak)(m 



Sr 



ST 




sr 
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[12118] [E119] 




F^— 2F065 AA06 BB28 DDOO FF12 FF32 
FF61 JJ03 JJ09 JJ26 PP12 
RR07 SS03 SS13 UU04 UU05 
2F112 ADOl BA06 CA08 FA03 FA45 
GAIO 

5B057 BA02 BA17 BA19 BA26 CA12 

CA16 CD14 CH07 DA07 DA20 

DB02 DC39 
5J084 AA05 AB20 ADOl BA40 CA03 

CA31 CA67 DAOl DA07 EA08 

FA03 



